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Abstract - This paper investigates the performance of 
concentrated solar parabolic trough by means of 
numerical analysis and experimental works. The study is 
carried out on two parabolic trough prototypes with 
different focal length of 12.5 cm and 20 cm. Test setup 
consists parabolic trough mirror, supported by aluminium 
structure. A geometric equation to optimize the shape of 
parabolic trough is presented. The validity of the concept 
is demonstrated by measurements in the laboratory. 
Results of focal and slope errors showed that the middle 
and top of the parabolic surface appears to be the best 
region for an effective reflection of rays. It is estimated 
that the parabolic length can be reduced by nearly 25% of 
the total surface area which allows for an optimization of 
the shape and dimension of parabolic trough 
concentrators.  
Keywords—Concentrated Photovoltaic (CPV), Parabolic trough 
mirror, reflection angle, focal error, slope error 
I.  INTRODUCTION 
The demand for electric power supply continuously 
increases, especially in developed countries. Power utility 
companies, government agencies as well as academic 
institutions put extensive efforts to enhance the efficiency of 
power while exploring the potential in renewable energy. Sun 
is one of the energy sources, known as solar energy. The 
estimated solar irradiance received on earth for each single day 
is approximately 1000W/m² [1]. This could generate about 
15TW for estimating current global energy [2]. The solar 
energy alone is therefore has the capability to meet current 
energy demand. Photovoltaic (PV) is a technology that 
converts the light from the sun into electricity using PV 
modules. It has many advantages, including eco-friendly, non 
polluting and sustainable energy, widely available and most 
importantly free.  
The cost per unit energy output photovoltaic (PV) is higher 
compared to conventional flat plate solar module. The 
maximum efficiency for commercial flat plane solar module is 
approximately 23%, and this value can easily be increased up 
to 40% with the used of the mutijunction solar cell. However, 
the cost of PV material is relatively expensive and need high 
investment cost which requires quite a long payback period [3-
4]. Due to the high costs of PV modules, the use of 
concentrators, known as solar or sun concentrator, is more 
desirable. It is a device that allows the collection of sunlight 
from a large area and focus onto a small area of the receiver 
which will harness the power from the sun to generate the 
electricity [5]. Optical concentration offers an attractive 
approach to minimize the cost of PV systems by substituting 
large semiconductor solar cell area by concentrator area.  
At present, there are different types and design of the sun 
concentrator system with various structures, concentrating 
optic, tracking system, solar cell. Engineers can apply the 
concept of light refraction (using Fresnel lenses) or a light 
reflection (using mirrors) to concentrate the sunlight. 
Fraunhofer ISE (Freiburg, Germany) and Ioffe Institute (St. 
Petersburg, Russia) uses point focus Fresnel lenses in their 
concentrator PV designs [6-8]. The U.S. company ENTECH 
has developed a line-focus Fresnel lens modules [9] in which 
each module uses rows of silicon cells operating at 20-suns 
concentration. Besides, it is also possible to use mirrors to 
concentrate sunlight. Solar Systems in Australia have 
developed a dish concentrator PV system [10]. The Solar 
Systems‟ reflecting parabolic mirrors are made of thin glass 
sheets, silvered on their rear surfaces, and protected in shape 
concave aluminum pans. The EUCLIDES concentrating array 
consists of a mirror reflecting parabolic trough, tracking the 
sun around the horizontal axis [11].  
Therefore, this research focus on designing an optimized 
parabolic trough solar concentrator by using numerical 
approach and experimental works. 
 
II. EXPERIMENTAL SETUP AND METHODOLOGY  
The experimental setup used in this project is shown in 
Fig.1 and Fig.2. It comprises of laser pointer (A), a parabolic 
trough (B) and mirror as a target plan (C). A laser at the slider 
was placed 90° above the aperture of parabolic trough, in 
which parallel to the optical axis of parabolic trough. A mirror 
(C) was placed at the target in the focus plane. There are ten 
locations of point marks by P that is indicated on the surface of 
the parabolic trough.  
An incoming ray from the laser will strike onto a particular 
point on the parabolic trough. The parabolic trough is assumed 
optically perfect when the reflected ray passes through the 
focus point of parabolic trough which indicated an ideal 
reflected ray. The reflected ray that hits the target surface was 
marked and the distance between incoming ray point (a-j) and 
incidence point,    (cm) to the focus point, F was respectively 
recorded. The ideal reflection angle,     for those particular 
point was calculated by using Equation 1. The actual reflection 
angle,       is calculated by replacing the ideal parameters to 
the actual parameter (     and      ). The reflection angle, 
   for was measured using a proctector from reflected ray to 
normal of mirror surface. The procedures are repeated for all 
points (a - j) on parabolic surfaces.  
 
 
Fig. 1. Illustration of the experiment parameter 
 
 
P(a –j) : Point location at parabolic trough where the     
                 incoming ray strike 
P‟(a‟-j‟) : Incidence point at the target 
   : Focal error 
     : Ideal reflection angle  
      : Actual reflection angle 
 
Fig. 2. Prototype setup 
 
 
 
III. RESULTS AND ANALYSIS  
     The value of    is assumed 0 for the ideal case in which all 
reflected rays pass through the focal point [15]. In this 
experiment, point a, point b and point c are not considered due 
to high discrepancy error between the actual and ideal 
reflection angle which greater than 15%. The experimental 
results for experiment 1, f equal to 12.5 cm and experiment 2, 
f equal to 20 cm are tabulated in Table 1 and Table 2, 
respectively which have been calculated using Equation 1 to 
Equation 6.  
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where      is function of parabolic,   is the distance 
measured from focus point to incidence point,       is actual 
reflection angle and      is ideal reflection angle.  
 
The parabolic function is given as 
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where x is measured from focus to the point location, P at 
parabolic trough and f is the focal length of parabolic. The 
focal length of this parabolic design is 12.5 cm and 20 cm. 
 
Table 1. Overall Result for Experiment 1 
 
Point,P 
Position  
of  laser 
at 
slider, 
X (cm) 
Percentage differential 
error, 
% 
Experimental 
єα(°) 
Measured 
єα(°) 
id vs 
m 
id vs 
act 
m vs 
act 
a 0 60.8 762.2 95.5 -6.6 11.6 
b 0.8 26.3 575.5 89.1 -6.8 2.8 
c 1.2 23.4 52.3 18.9 -2.9 0.4 
d 3.8 8.1 9.1 0.9 -0.8 1.4 
e 4.9 1.8 0.9 0.9 0.1 1.4 
f 6.8 1.4 1.8 3.1 -0.2 0.2 
g 7.3 0.3 7.3 6.5 -0.8 1.1 
h 8.2 12.0 7.5 9.0 -0.8 1.0 
i 14.7 7.2 10.1 3.0 -1.2 0.8 
j 15.4 5.8 9.6 14.1 -1.2 0.8 
 
 
Table 2. Overall Result for Experiment 2 
 
Point,P 
Position  
of  laser 
at 
slider, 
X (cm) 
Percentage differential 
error, 
% 
Experimental 
єα(°) 
Measured 
єα(°) 
id vs 
m 
id vs 
act 
m vs 
act 
a 0 15.7 35.2 14.4 -2.0 -1.0 
b 0.8 45.1 68.6 14.0 -3.1 -2.4 
c 1.2 13.0 93.2 41.5 -3.8 -0.9 
d 3.8 12.7 22.7 8.2 -1.5 -0.9 
e 4.9 6.4 22.9 13.4 -1.5 -0.5 
f 6.8 3.9 18.6 12.4 -1.3 -0.3 
g 7.3 3.2 2.7 0.5 -0.2 -0.3 
h 8.2 2.7 1.9 0.8 -0.2 -0.2 
i 14.7 0.9 9.0 9.1 -0.8 0.1 
j 15.4 1.4 10.5 10.8 -1.0 0.1 
 
 
In this analysis, the mirror is assumed to be an active Sun 
tracker in which the sunlight will be parallel to the axis of the 
parabolic. The focal error,   (cm), is the distance from the 
focal point to the incident point. The calculated errors 
determine the diameter of the absorber tube for the mirror to 
ensure the entire solar energy intersects the absorber. Fig. 3 
shows the definition of focal error,  (cm). Other metrics such 
as the percent of the energy that falls on a target (absorber 
tube) can also be developed.  
 
 
 
Fig. 3. Definition of focal error,    
 
Fig. 4 shows plots of focal error,    at particular position of 
laser on the slider. It can be observed that the focal error is 
positive when the reflected ray passes above the focus point 
and negative when it passes below the focus point. As can be 
seen, the focal errors at point „a‟ until point „d‟ gives results 
with the opposite sign of each other. Experiment 1 with f = 
12.5 cm, for example, gives positive focal error while 
Experiment 2 with f equal to 20 cm results in negative values 
which respectively indicates that the reflected ray hits above 
and below the focus line. It can be said that the bottom part of 
the parabolic trough (point a-d) gives relatively large focal 
error, εd where the reflected ray intercepts relatively far from 
the focal point, F. The focal errors as can be seen in Fig 3 is 
reduced as the incoming ray from the laser moves towards the 
middle area. The reflected rays in this case become closers to 
the focus point, F which is 0. For Experiment 1, the focal error 
is near to zero at point E whereas for Experiment 2, there are 
two points, i.e. point „f‟ and „g‟ that hits exactly on the focus 
point. Beyond this point, the reflected ray for both experiments 
continue to reflect away from the focus line when the laser 
moves towards the top position i.e. point i-j of parabolic 
trough. In general, both reflecting surface for both parabolic 
trough show the similar trend of reflecting ray. Therefore, base 
on the results of focal errors shown in Fig 3, it can be 
concluded that the most effective and optimised reflective 
surface for parabolic trough is the region between the middle 
point towards the top side which primarily due to small focal 
errors.  
 
 
Fig. 4. Experimental results of focal error,   
 
 
Fig. 5 shows reflection angles for three difference 
techniques, i.e. ideal case, experimental data and measurements 
for Experiment 1 with f = 12.5. As can be seen, discrepancies 
of the reflection angle for the bottom part of parabola there is 
relatively large. Toward the middle, the discrepancies tend to 
improve and becoming closer to each other as it moves to the 
top of parabolic. Based on the results in Fig 4, it can be 
expected that point „e‟ located at the middle of parabolic trough 
at position 4.9 cm to the most effective reflective surface. This 
is because the measured and experimental reflection angle, 
respectively 22° and 21.5° are very close to each other and also 
to the angle for an ideal parabola which is 21.3°. An ideal 
parabola is when the incoming rays parallel to the optical axis 
(normal rays) being reflected through the focus point of that 
parabola. 
 
 
Fig. 5. Differences of reflection angle of rays between ideal case (    ), 
measured (   ) and experimental (     ) for Experiment 1 
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 The results of reflection angle for Experiment 2 with f = 20 
cm under the three similar cases is given in Fig.6. The 
measurements of reflection angle show a good agreement 
between these three cases. The best reflective surface for the 
parabola is identified at point „g‟ and point „h‟ in which the 
value of reflection angle is over 90% to the ideal reflection 
angle. On the other hand, the worst reflective surface is at 
point „b‟, about 30 % of the ideal value. The results presented 
in Fig.5 clearly indicates that the best parabolic surface area to 
reflect the incoming ray is in the middle and top region. 
Therefore, an optimized length of solar trough can be 
predicted. This could significantly help the solar 
manufacturers to reduce production cost by means of having 
smaller size and dimension while maintaining the output 
power at the optimum efficiency.  For example, in Experiment 
1, the curve length of parabolic design can be reduced by 3.8 
cm from 15.4 cm to 11.6 cm, representing about 24.7 % of 
surface reduction when the ineffective reflective surface from 
point „a‟ to „c‟ due to large differences between the actual and 
the ideal reflection. 
 
 
 
 
 
Fig. 6. Differences of reflection angle of rays between ideal case (    ), 
measured (   ) and experimental (     ) for Experiment 2 
 
 
 
The slope error is evaluated at each point along the surface 
of parabolic trough and the result is presented in Fig. 7. From 
the plot, it can be seen the smallest slope error is again in the 
middle region of parabola, at point „e‟ and „f‟ with the value of 
error less than 13.3 % for both measurement and experimental. 
The greatest slope error for Experiment 1 is in the bottom 
region of parabola at point „a‟. The effectiveness of the 
experimental approach can be evaluated by comparing the 
slope errors between the actual and the measurement. The best 
region in the middle around point „e‟ and „f‟ give almost 0 % 
differences while the bottom region around point „a‟ give 
about 43 % of differences.  
 
 
 
 
Fig. 7. Slope error for Experiment 1 
 
The slope errors for Experiment 2, presented in  Fig 8 
indicates shows the similar trend to the results obtained from 
Experiment 1 where the smallest errors appear to be in the 
region between the middle and the top of the parabolic.The 
effectiveness of the experimental method approach to evaluate 
the slope error of Experiment 2 also can be seen here where it 
shows that there are also slightly small difference between the 
actual and the measured where the largest difference between 
them is at point „c‟ which is 76% and at point „g‟ and „h‟ it 
gives almost the similar evaluation result with only difference 
of 0.33 %. 
 
 
Fig. 8. Slope error for Experiment 2 
 
IV. CONCLUSION 
The design of a simple and low cost parabolic mirror solar 
concentrator is presented. A method to evaluate the parabolic 
design is presented using a mathematical calculation and 
experimental measurement. The reflection angle of rays, 
percentage error of reflection angle, focal error and slope error 
are evaluated. Results of focal and slope errors showed that 
the middle and top of the parabolic surface appear to be the 
best region for an effective reflection for rays. It is estimated 
that the parabolic length can be reduced by nearly 25% of the 
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total surface area which allows for an optimization of the 
shape and dimension of parabolic trough concentrators.  
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